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Abdominal compartment syndrome is a lethal yet under appreciated complication of vascular surgery.
The World Society of Abdominal Compartment Syndrome conference in 2004 culminated recent
research to formulate the internationally accepted deﬁnitions and promote education, in an attempt to
reduce a quoted 82% mortality. The syndrome has a broad aetiology, many of which are pertinent to
vascular surgery and particularly to ruptured aortic aneurysms. It is deﬁned as an intra-abdominal
pressure greater than 12 mm Hg or an abdominal perfusion pressure less than 60 mm Hg, in the presence
of end organ dysfunction and ultimately leads to multi-organ failure. The physiological derangements
which occur in all major organ systems are generally well documented and an understanding of them
paramount to early recognition. Numerous methods have been devised to measure intra-abdominal
pressure and ideally, measurements utilising a catheter and pressure transducer should be taken in high
risk patients yet very few clinicians have measured it. This is essential for diagnosis and also allows
grading of the hypertension as clinical and radiological examination does not provide any conclusive
information. Appropriate post operative wound closure has an important role in prevention of the
syndrome, which would otherwise be treated by surgical decompression. Negative pressure dressings
appear to be most beneﬁcial but further prospective trials are required to clarify this.
 2010 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
The reports by Sir Heneage Ogilvie from the great wars of
trauma cases alluded to a lethal syndrome secondary to increased
peritoneal cavity pressure1 but it has taken decades to develop
a better understanding. The term abdominal compartment
syndrome (ACS) was ﬁrst used in a report regarding increased
intra-abdominal pressure and the ensuing pathophysiological
responses following aortic aneurysm surgery, which was not
primarily due to bleeding.2 ACS is thought to contribute to the high
incidence of multi-organ failure following repair of a ruptured
abdominal aortic aneurysm (rAAA)3 and 62% if all ACS cases being
associated with vascular surgery.4
The aetiology of intra-abdominal hypertension (IAH) is broad.
Haemorrhage and massive ﬂuid resuscitation are the main aetio-
logical factors for ACS in rAAA patients. Haemorrhage within the
abdominal compartment, hence volume, causes a rise in pressure
(primary ACS) as dictated by the inverse relationship between
pressure and volume. Secondary ACS, whereby the pathology lies
outside the abdomen, can be caused by ﬂuid resuscitation-inducedurgery Unit, Addenbrooke’s
(K. Varty).
iates Ltd. Published by Elsevier Ltbowel oedema, ascites or through reperfusion injury is associated
with rAAA.5
Following rAAA surgery, the mean intra-abdominal pressure of
15.4 mm Hg was signiﬁcantly higher than non ruptured abdominal
aortic aneurysms (AAA).6 A Swedish centre veriﬁed the association
between ACS contributing to multiple organ failure, with all cases
of post operative colonic ischaemia being associated with an ACS.7
Education is key in effectively managing this lethal condition with
a very high mortality reported up to 82% when associated with
reoperation for ACS following repair of rAAA.8 Even for endovas-
cular repair of aortic aneurysm (EVAR) of rAAA, the risk of ACS still
exists. Reports for endovascular repair of rAAA suggest that 20% of
patients develop ACS requiring decompression.92. Pathophysiology and effects
2.1. Cardiovascular
As a consequence of a raised abdominal pressure the vasculature
within abdominal cavity becomes compressed. The physiological
consequences of this are utilised by ﬁghter pilots who perform
intermittent abdominal strains during exposure to high accelera-
tive forces. This augments venous return thus maintaining
blood pressure at eye level10 and hence consciousness. Howeverd. All rights reserved.
Table 1
Intra-abdominal hypertension grades as deﬁned by the World Society of the
Abdominal Compartment Syndrome.22 IAP, intra-abdominal pressure.
Grade I IAP between 12 and 15 mm Hg
Grade II IAP between 16 and 20 mmg Hg
Grade III IAP between 21 and 25 mmg Hg
Grade IV IAP greater than 25 mm Hg
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effects and in animal studies a 36% reduction in stroke volume
without a concomitant increase in heart rate, leading to a fall in
cardiac output, has been demonstrated.11 This is explained by the
increase in intraperitoneal pressure as the diaphragm rises, causing
an elevation of intrapleural pressure thus inhibiting venous return.
This is attributed to either compression of the inferior vena cava
and portal vein or reduced perfusion of the lower limbs. The
circulatory shift is also dependent on volume status and hypo-
volaemia causes cardiac output to become more susceptible to
IAH.12 The venous stasis also leads to an increased risk of devel-
oping deep vein thrombosis and pulmonary emboli.
2.2. Respiratory
Ventilation problems are a common manifestation of the ACS
with a reduction in total lung capacity and functional residual
capacity.13 Raised intra-abdominal pressure leads to an increased
intrathoracic pressure, increase peak airway pressures and,
consequently, increased risk of ventilator-induced lung injuries.
A reduction in the efﬁciency of pulmonary oxygenation due intra-
pulmonary shunting, an increase in dead space ventilation and
compressive basal atelectasis leads to hypoxaemia and hyper-
capnia. Changes in respiratory character also coexist. Coombs and
colleagues14 infused Ringer’s solution into decerebrate cats’ peri-
toneal cavities. On reaching a critical abdominal pressure, the
abdominal component of breathing became redundant, rendering
breathing more costal and eventually impossible, causing respira-
tory failure.
2.3. Neurological
A secondary effect of a raised intrapleural pressure is a reduced
cerebral perfusion pressure as venous outﬂow is stemmed which
can manifest clinically as an encephalopathy.15
2.4. Hepatic
The liver is particularly susceptible to a rise in intra-abdominal
pressure as both cellular dysfunction and a reduction in perfusion
ensue. Porcine models whereby abdominal pressure was raised to
15 mmHgwith CO2 insufﬂation for 24 h resulted in signiﬁcant rises
in Alanine Transaminase and Alkaline Phosphatase and histological
examination of liver lobes depicted hypoxic necrosis.16
2.5. Renal
Given the close autoregulation of blood supply to the kidneys, it
is no surprise that renal function is particular susceptible to IAH.
Electromagnetic ﬂow meters showed a reduction by 70% in renal
blood ﬂow when the abdominal pressure was increased to 40 mm
Hg.11 This is proposed as one of the multifactoral causes for
a reduction in urine output in both animal16 and human investi-
gations.17 The oliguria which progresses to anuria is not responsive
to ﬂuid challenges due to the direct compression of the vasculature
with the raised IAP. Consequently, activation of of the renin-
angiotensin-aldosterone axis increases vascular resistance
further.18 End organ histological damage to renal tissue during
15 mm Hg pneumoperitoneum has been demonstrated with
tubular necrosis and medium grade nephrosis.16
2.6. Gastrointestinal
ACS causes gut ischaemia and thus translocation of gut
bacteria19 and a reducedmucosal pH20 as well as gut oedemawhichcan lead to further increase in IAP. The reperfusion of the gastro-
intestinal tract can result in a secondary physiological insult and
has been associated in particular with aortic operations.213. Diagnosis
The World Society of Abdominal Compartment Syndrome
brought together experts at the International ACS Consensus
Deﬁnitions Conference in 2004 and produced the internationally
accepted deﬁnitions.22 IAP was deﬁned as pathological if it is
elevated above 12 mm Hg which becomes ACS when associated
with organ dysfunction. Note these are not interchangeable terms
and a diagnosis of ACS can only be madewith a sustained IAP above
20 mm Hg with new onset single or multiple organ failure. The
degree of IAH is also graded according to the deﬁnitions set by the
conference (Table 1). Another concept which has developed over
the last few years and come into favour since the conference is that
of intra-abdominal perfusion pressure (IAPP), which has been
included within the new deﬁnitions. IAPP is calculated by sub-
tracting intra-abdominal pressure from the mean arterial pressure
and has a normal value of greater than 60 mm Hg. Therefore, the
diagnosis of ACS is entirely dependent upon measurement of IAP,
which in a recent postal survey had never been measured by 24% of
leading ICU clinicians in the UK.23 Although measurement of IAP is
recommended for all patients following emergency laparotomy, in
the same survey it was performed by just 3.8% of UK centres.24
Clinical examination has no role25 and ideally the patient should be
in the supine position for accurate measurement as a greater than
20 head of bed tilt will signiﬁcantly affect results.26
Direct measurement of IAP is impractical and the original
surrogate method for measuring IAP was described by Kron and co
workers.27 This involved clamping a catheter that drained the
bladder and then ﬁlling the bladder with 50 mL of 0.9% saline and
measuring the pressure via the urinary drainage port and a needle
connected to a pressure transducer. This was method was validated
clinically in 198927 and shown to have reliable reproducibility.28
This is an established method and used 4–6 hourly to measure IAP.
As noted by Balogh and colleagues29 its intermittent nature is
a considerable disadvantage and they validated a continuous
method of measurement utilising a three way catheter and con-
necting the irrigation port to a pressure transducer. An alternative
continuous method utilised intragastric pressure measurements30
whilst others utilised intraperitoneal drainmeasurements31 both of
which correlated with intravesicular measurements but the
reliability and validity of these methods has yet to be established.
The indications for monitoring IAP are detailed in Table 2 and have
also been set by the World Society of Abdominal Compartment
Syndrome and are crucial to the early diagnosis of ACS.
Radiological evidence has also been sought. Al-Bahrani et al in
2006 set out to identify any CT features consistent with IAH and
ACS. Signiﬁcant ﬁndings from two radiologists consistently iden-
tiﬁed the ‘‘Round belly sign’’ and also ‘‘Bowel wall thickening with
enhancement’’ as features 58 and 36%more prevalent, respectively,
in patients with an IAP of greater than 12 mm Hg compared to less
than 12 mm Hg.32 These ﬁndings could be used as a predictive
measure but have not been veriﬁed for diagnosis or prognosis.
Table 2
Indications for intra-abdominal pressure monitoring as deﬁned by the world
consensus deﬁnitions.22
 Post operative abdominal surgery with a distended abdomen
 Abdominal trauma
 Mechanically ventilated patients with other organ dysfunction
 Patient with a distended abdomen and signs or symptoms consistent with
ACS and including oliguria, hypoxia, hypotension, unexplained acidosis,
mesenteric ischaemia, elevated intracranial pressure
 Patients with an open abdomen or abdominal packing after temporary
closure
 Patients who have undergone massive ﬂuid resuscitation, secondary to
ﬂuid loss due to leaky capillaries
Table 3
Other risk factors for developing abdominal compartment syndrome in vascular
cases.22
 Massive ﬂuid resuscitation (>5 L/24 h)
 Sepsis or bacteraemia
 Mechanical Ventilation and use of positive end expiratory pressure
 Polytransfusion (>10U packed red blood cells/24 h)
 Acidosis
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When ACS is associated with rAAA, Papavassiliou and
colleagues6 suggested an IAP threshold of 15 mm Hg is associated
with signiﬁcant physiological dysfunction, lower than ACS of other
aetiology. Intra operative risk factors for open rAAA for grade III or
IV IAH (Table 1) have been noted to include a longer cross clamping
time, increased operative bleeding and increased operative time.7
For EVAR of rAAA the need for an aortic occlusion balloon,Fig. 1. Proposed algorithm for treatment ofcoagulopathies and high transfusion requirements are associated
with the development of ACS.9 Other risk factors relating to
vascular cases are detailed in Table 3.
Patient position has a role in controlling IAP. Hering and
colleagues33 demonstrated that a free hanging abdomen of
a patient in the prone position is beneﬁcial. Pain antagonises
effective management as agitation and ventilator dysynchrony will
further increase IAP and lead to false measurements if instilling the
bladder with saline. A diverse range of non surgical measures have
been proposed, from neuromuscular relaxants in order to increase
abdominal compliance34 to Chinese herbal medicines e.g. De Cheng
Qi and Glauber’s salt35 but deﬁnitive management involves
decompression surgery. An analysis of decompressive laparotomiesACS associated with vascular surgery.
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Surgical decompression signiﬁcantly reduced the mean IAP in the
10 papers analysed from 34.6 mm Hg to 15.5 mm Hg with associ-
ated improvements in respiratory function and cardiac output but
further parameters were noted to not have been accurately repor-
ted. The overall effect of this on survival, however, is questionable
and in this analysis average mortality was 49.2% but in many of the
studies without intervention mortality approached 100%. Infor-
mation regarding the reduction in mortality and morbidity is
particularly lacking for ACS cases associated with vascular patients
and ruptured aortic aneurysms. Barker and colleagues (2007)
looked at 22 vascular patients requiring open abdomen manage-
ment and despite intervention mortality was reported as 41%.
Maintaining an open abdomen and delaying closure could be
crucial prophylactic treatment against ACS. Ogilvie1 recommended
Vaseline impregnated canvas to suture the ends of wounds thus
avoiding closing the abdomen under tension during his large
abdominal trauma cases. An initial evaluation of delayed wound
closure in rAAA repairs was made retrospectively by Oelschlager
and colleagues.37 The Seattle group examined outcomes of patients
whom primary closure was not possible and noted that very early
mortality (day one postoperatively) was reduced and a trend to
decrease mortality from 73% in primary closure to50% with delayed
closure. The methods used were silastic sheets in six of the eight
cases, another two with skin clips but no fascial closure. A 10 year
retrospective case control study conducted by Rasmussen and
colleagues examined the role for delayed abdominal closure in
rAAA with a mesh.38 A reduction in the multiple organ failure
scores in those patients with early mesh closure (at the time of
initial operation) with concomitant reduction in mortality from
70% to 51% was demonstrated, compared to those with delayed
mesh closure. A theoretical abdominal simulation model was used
to compare various temporary abdominal closure techniques by
measuring the potential to increase the capacity of the abdomen.39
They illustrated that the ‘‘Bagota bag’’ technique was most effective
at preventing abdominal pressure increases which involves utilis-
ing a sterile ﬂuid administration bag, cut ﬂat and sewn to close the
defect. It has been proposed that vacuum dressing is contra-
indicated in the initial phase following decompression39 but
despite this vacuum-pack temporary closure is of ever increasing
popularity as it allows management outside theatre and shown to
be successful overall. A series involving 258 patients utilised the
sutureless negative pressure dressing on a variety of surgical
patients undergoing open abdomen management which achieved
an overall primary fascial closure rate of 68.4%.40 There is, however,
a lack of consensus at what pressure the dressing should be set at
and whether it is continuous or intermittent. A summary of
a proposed management is shown in Fig. 1.
5. Treatment complications
Decompression surgery is not without risks, particularly hypo-
volaemic patients whereby decompression may render them
haemodynamically unstable. A reduction in intra-abdominal pres-
sure increases pulmonary compliance, thereforeminute ventilation
and can lead to a respiratory alkalosis. As with any reperfusion
injury, toxic metabolites could become systemic and precipitate
a cardiac event. Rebleeding is also common if coagulopathies are
not reversed prior to the decompression.
Prophylactic temporary abdominal wound closures are obvi-
ously a point entry for infection and causes excessive ﬂuid loss that
needs careful management. Themesh closure trialed by Rasmussen
and coworkers found a 22% rate of mesh dehiscence from the fascia
or skin and enterocutaneous ﬁstula occurred in 7% of patients
(n ¼ 3).38 The negative pressure vacuum dressings have reportedcomplication rate of 15%.40 Enterocutaneous ﬁstula arose in 5% of
patients and the wound reopened in 7% cases. 63% of the patients
required more than one dressing applicationwith 3.6  3.1 average
dressings which potentially increases risk of infection and intra-
abdominal abcess were reported in 3.5% cases but in some studies
was shown to reduce the rate of infection against standard
methods.40 A ventral hernia can occur and can be planned for repair
at a later date as required.
6. Conclusions
The World Society of the Abdominal Compartment Syndrome
consensus deﬁnitions are set out to allow early and prompt
management of ACS and reduce mortality from this lethal condi-
tion. The deﬁnitions and recommendations should be at the fore-
front of surgical decision making, especially in vascular cases. For
rAAA, both open and EVAR, post operative measurement of bladder
pressures as a surrogate for IAP on a two hourly basis is indicated.
With sufﬁcient risk factors present delayed primary closure to
prevent ACS is advised, with a negative pressure vacuum dressing
appearing most effective. Further information from prospective
trials would provide valuable evidence to clarify this. Decom-
pressive surgery with pre operative optimisation is the only
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